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^ , Abstract 

^ \ It is now well understood that the coefficient of shear viscosity of boundary fluid can be 

! obtained from the horizon values of the effective coupling of transverse graviton in bulk space- 

■ time. In this paper we observe that to find the shear viscosity coefficient it is sufficient to know 
^ ■ only the near horizon geometry of the black hole spacetime. One does not need to know the full 

\ analytic solution. We consider several examples including non-trivial matter (dilaton, gauge 
O ! fields) coupled to gravity in presence of higher derivative terms and calculate shear viscosity 

■ for both extremal and non-extremal black holes only studying the near horizon geometry. In 
^ ■ particular, we consider higher derivative corrections to extremal R-charged black holes and 

I compute rj/s in presence of three independent charges. We also consider asymptotically Lif- 
shitz spacetime whose dual black hole geometry can not be found analytically. We study the 
near horizon behaviour of these black holes and find rj/s for its dual plasma at Lifshitz fixed 
point. 
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1 Introduction and Summary 

Black holes have strange thermodynamic behaviour. Unlike other thermodynamic objects its 
entropy is proportional to area (of the event horizon) instead of its volume. 

where Ad-i is d — 1 dimensional horizon (spatial)area and Gd+i is Newton's constant in ci -|- 
1 dimension. Therefore all the microscopic details of a black hole are encoded in one less 
dimension. It was first observed by Bekenstein for two derivative gravity. Later Wald has 
prescribed a generalized covariant formula for non-extremal black hole entropy in presence any 
higher derivative terms. Though the area law does not hold in higher derivative gravity but 
to calculate entropy using Wald's formula we only require the horizon values of metric and 
other fields forming the black holes. In the extremal limit one has to be careful using Wald's 
formula since the bifurcate killing horizon does not exist in this case. In [1] Sen has discovered 
an elegant method to calculate the entropy for a wide class of extremal black holes. Again, 
only the near horizon values of the fields are required to calculate entropy. 

Black holes in asymptotically AdS space is more interesting. AdS/CFT predicts that the 
thermodynamic and hydrodynamic behaviour of strongly coupled boundary plasma are cap- 
tured by black holes in one higher dimension. The entropy of a black hole in AdS space is 
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related to the thermodynamic entropy of the boundary gauge theory at a finite temperature 
(which is the same as the Hawking temperature of the black hole). Thus there are two appar- 
ently different holographic descriptions of the entropy. One in terms of the horizon and the 
other in terms of the boundary gauge theory [2]. In a rough sense, the latter is the UV descrip- 
tion from the microscopic (gauge theory) point of view, while the former is the IR description. 
One might therefore expect some kind of RG fiow to relate the two. 

Like entropy, the hydrodynamic quantities of boundary conformal plasma can be evaluated 
holographically. For example the retarded Green's function for tensor mode (for example hxy) 
can be calculated using Kubo formula, 

Gt,.y = P-trjuj + r^T^u' + ^[ip- 2)uj' + q'] + 0{u;'), (1.2) 

where, p is spatial dimension and p > 3 and 

P : pressure, (1.3) 
rj : shear viscosity coef ficient, (1.4) 
Ttt '■ relaxation time for shear viscous tensor, (1.5) 

and uj is frequency and q is spatial momentum. 

As we have seen that it is possible to find the the entropy of boundary field theory, only 
specifying the complete near horizon geometry of its dual black hole spacetime, one can also ask 
in the same spirit, whether different hydrodynamics coefficients of the boundary plasma can 
be found from the knowledge of bulk near-horizon geometry. There are enough hints [3llll[5l[6] 
which seems to point to an affirmative answer to this question. In [6| it has been shown that 
in the low frequency limit {u —* 0) the shear viscosity coefficient rj is related to transport 
coefficient of membrane fiuid, which in turn is given by the effective coupling constant of 
graviton (h^y) evaluated on the horizon. In [TIE] the prescription has been generalized for any 
higher derivative gravitjl]. All these approaches indicate that there can be an "IR" description 
of transport coefficients r/. However, it is not quite clear how other transport coefficients like 

etc. which appear in next order in u can be calculated only in terms of horizon data. The 
derivation of P,[8j was strictly valid only in — limit. 

Although, all the above references state that that one can possibly analyse the transport 
coefficient rj of the boundary plasma completely in terms of horizon data, but still the full 

^Recently in [9] a Wald like formula for shear viscosity has been proposed. 
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bulk solutions were used in the actual computation. In this paper, we observe that only with 
the knowledge of near horizon geometry of a black hole spacetime one can easily calculate the 
thermodynamic and hydrodynamic quantities, namely entropy and shear viscosity of boundary 
fluid and their ratio. One does not need to know the full analytic solutions of Einstein equations. 
This observation is helpful when bulk Lagrangian is very complicated. For example when 
gravity is coupled to various matter fields (gauge field, scalars etc.) in non-trivial way, it may 
not be always possible to find an analytic solution. But if a black hole solution exists then it is 
possible to find the near horizon geometry, i.e. how the metric and other fields behave in near 
horizon limit. The method is very simple. We do not need to solve any differential equation 
to find the near horizon geometry. First we write the field equations. Then take a suitable 
near horizon ansatz for different fields. In general different components of the metric goes like 

gtt ~ ai(r - Th) + a2(r - r,,)^ H , g„- ~ T^^C^ + b2{r - r^) ^ )(for non-extremal case), 

scalar fields behaves as ip iph + fi{r — Vh) + ■ ■ ■ and gauge fields goes as At = q{r — Vh) + ■ ■ ■. 
Substituting these in the field equations we find the coefficients consistently order by order in 
{r — Th). Once we find the near-horizon structure of the spacetime we find entropy of the system 
using Wald's formula (for non extremal black hole) or entropy function formalism (for extremal 
black hole). In either case we only need to calculate the horizon values of some quantities. To 
calculate shear viscosity we adopt the method proposed in [6l[7]j8]. We write the effective action 
for transverse graviton in black hole near- horizon region and find the coupling constant. For 
non-extremal black hole usually (in presence of higher derivative terms) the effective coupling 
depends on radial coordinate and we need to take r — > r/^ limit at the end to find the horizon 
value of the coupling constant. For extremal black hole it turns out to be constant. 

In case of non-extremal black holes the near horizon geometry is not completely determined 
always. For example we consider dilaton field coupled to cosmological constant and higher 
derivative terms in sec. 12.21 and dilaton field coupled to gauge field non trivially in sec. 12. 3[ 
We found that the horizon values of the dilaton field {(ph) is not determined. Other coefficients 
of metric, gauge fields and dilaton depend on iph- Therefore the ratio rj/s depends on the 
horizon values of the dilaton field. Where as in extremal case the near-horizon geometry is 
completely fixed in terms of black hole charges and hence rj/s is also completely determined 
in terms of the charges of black hole. 

Our paper is organised as follows. In section [2] we study the near-horizon geometry of 
different non-extremal black holes and find rj/s for dual conformal plasma in presence of global 
charges. In particular we studied F'^ terms in Gauss-Bonnet Gravity (sec. 12. ip . non-trivial 
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dilaton coupled to Gauss-Bonnet term (sec. I2.2p and Maxwell term (sec. 12.31) . We study near 
horizon geometries of extremal black holes in presence of different higher derivative terms and 
find 7]/ s oi boundary field theory at zero temperature (sec. [3]). Finally in sec. |4]we consider 
near- horizon geometry of black holes in asymptotically Lifshitz spacetime and find t]/ s for its 
dual plasma at Lifshitz fixed point. 



2 Non Extremal Black Holes 

Now, we will consider theories with some matter coupled to metric. Here, we find rj/ s for these 
theories by computing the horizon value of graviton's effective coupling. In [8j , we proved that 
for generic higher-derivative term added to the Einstein-Hilbert action, one can actually write 
an effective action (which gives the same equation of motion as the original one) in canonical 
form. The canonical form of the action was required to conclude that the transport coefficients 
(in particular shear-viscosity coefficient) of the boundary plasma is related to the effective 
coupling of the transverse graviton. Hence, to justify that even in theories with arbitrary 
matter content, the effective coupling can still be related to the transport coefficient of the 
dual boundary plasma, we need to prove that the action would maintain its canonical form. 
This issue has been well studied in [10]. In presence of generic matter in the action, one can still 
show that the transverse graviton satisfies the equation of a massless scalar field. Therefore, 
the action evaluated on shell would always have the canonical form. 

2.1 Terms In Gauss-Bonnet Gravity 

As a first example we consider the following Lagrangian. 

T = J d'xV^[R + 12 + g {R^ - AR^^R^ + RjkiR''"') 

—FijF'^ + ci{Fi,r^f + C2Fi,F^^FkiF'''\ . (2.6) 

From the string theory point of view, the term is of order of a' as the Gauss-Bonnet 
term. In fact, in general one can also include other four derivative terms in the action [TT1[T2] 
which arise in five dimensional gauge supergravity. However for simplicity we consider the 
above action. In [7], the authors have calculated shear viscosity to entropy density ratio using 
full bulk solution. Since the complete bulk solution is very complicated in presence of Gauss- 
Bonnet term it turns out to be difficult to express the ratio completely in terms of black hole 
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charges. Here we study the near-horizon geometry of this black hole spacetime which is in fact 
very simple and compute shear viscosity, entropy and their ratio. We are able to express them 
in terms of black hole charges. Our expressions are exact in g. 
We consider the following ansatz for metric and gauge field, 

ds'' = -gtt{r)dt^ + ^^dr^ + r^dx^ (2.7) 



9tt[r) 

A{r) = At{r) dt {21 



where. 



gu{r) = ai{r - Th) + a2{r - ■ ■ ■ , 

cr(r) = o-Q + o"i(r - r/i) H , 

A{r) = qao{r-rh) + ---. (2.9) 

The coefficient ctq can be set to one by rescaling the time and the parameter q is related to 
the physical charge of the system. Substituting this ansatz in field equations one can solve for 
Oi, 02, cTi etc. order by order in (r — rh). It turns out that only the coefficient ai appears in 
entropy, shear viscosity and their ratio. 

rfe(6cig^ + 3c2g^ + g^-96) 
oi = — . (2.10) 

Once we know the near horizon geometry one can use Wald's formula to find the entropy 
of the system. It is given by (s in entropy density), 

(2.11) 



4G, 



Using the prescription given in [6],[71[8] we calculate shear viscosity coefficient. It turns out to 
be, 

, = ^(l-!«^). (2.12) 



Therefore the ratio rj/s is given by. 



V 1 2^ai 



s An \ Th 



^(i.«5£i^^i^^^i^). (2.13, 
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Temperature can also be calculated with near horizon data. It turns out to be, 

T = — (2.14) 
An 

Therefore one can express rj/s in terms of black hole temperature, 

1 = ^(i-^-^t]. (2.15) 
s An \ rh J 

This expression matches with [7]. However here we are able to express 7]/s in terms of charge 
parameter also. In the limit T ^ (which is extremal limit), the ratio rj/s approaches its 
universal value. 

2.2 Non-trivial Dilaton 

So far we have considered Maxwell-Einstein-Hilbert action in presence of four derivative terms. 
In this section we consider dilaton field which is non-minimally coupled to gravity and find the 
effects of non-trivial dilaton on t]/s. 



R - ^d,^d^^ - 2A e^'^ + ge-^'P C^gb) 



(2.16) 



with, 

C^GB) = R' + R'"''''R,.pa - ^R^'R.u (2.17) 
where, 7 and r are constants and is the dilaton field. One can get this action by transforming 
the string frame action with a non-trivial dilaton to the Einstein frame. Though from string 
theory point of view the values of r and 7 are fixed but here we keep them as some arbitrary 
parameter. In it has been shown that there exists an asymptotically AdS black hole 
solution for some suitable range of parameters. However here we examine the near horizon 
geometry of this black hole spacetime and calculate rj, s and their ratio. It turns out that the 
ratio (also s and 1]) depends on the horizon values of the dilaton field. The horizon value of the 
dilaton field is not some arbitrary parameter of the theory it is fixed in terms of the charges 
of the black hole (in this case only mass). Our results are exact in g. 
The near horizon ansatz for this system is given by, 

B[r) 

6{r) = 6o + Si{r-rh) + 62{r-rhf + ■■■, 
B{r) = bi{r - Th) + b2{r - Th)^ -\ , 

Vj(r) = 'fh + aiir-rh) + a2{r-rhY^ . (2.18) 
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Here, (fh is the constant horizon value of the dilaton field. We substitute these ansatz in the 
equation of motion and get the following values of the coefficients (we present the expressions 
of those coefficients which appear in rj/s). 

8e-(^-^)c/7A + 3r 



rh 



«! = 

h = —e^'^'^VhA. (2.19) 



Once we know the near horizon geometry we calculate s and rj as before and get, 



and 



(2.20) 



„e-2wh (32^2^2^2g2r^h ^ 4^A(37r + l)e^''(T+^) + Se^w/.) 

^ = A8^, • ^^-^'^ 

Therefore the ration turns out to be, 

= ^ [1 - Sge-^^-^'^'^'^ (1 + 37r - AS-f^ge-^^'^'^'^'^)] , A = -6 . (2.22) 
The answer has been obtained in fT3l . 



2.3 Charged Black Holes with Dilaton 

The last non extremal black hole we consider is electrically charged black hole in presence of 
non-trivial dilaton field in presence generic four derivative terms. The action is given by |15j . 



(2.23) 



- 2(Z}-2)! '"'°^^^^^--^"--^'^'"'"'""' + ^^-^^^ 

with, 

C^A) = f3iR^ + f32R^'''''R^..pa + (i^R^'R^.u (2.25) 

It has been shown in fT6] that when V{(p) = |A| (positive cosmological constant) there exists not 
black hole solution. However there exists an asymptotically AdS spherical black hole solution 
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when, V{ip) = — |A| with a maximum single horizon. The asymptotic value of the dilaton 
field is fixed in terms of charges of the black hole. Therefore it is not an independent hair. 
In [16] authors found a numerical black hole solution with two parameters namely position of 
the horizon r/j and horizon value of the dilaton field (ph- Here we find near- horizon geometry 
of the black hole spacetime and calculate r]/s. The ratio depends on the horizon value of the 
dilaton. The results are valid up to order g. 

We will work in five dimension and only with electrically charge gauge fields. We also treat 
the four derivative terms perturbatively. The leading (in (7 — > limit) near-horizon ansatz is 

^ _A(r)a{rYdf + ^ + r^dX'', 
^ ^ ^ ^ A{r) 

A{r) = ai{r - rh) + a2ir - ^ , 

a(r) = (To + cri{r - rh) + cr2{r - rhf ^ , 

ip{r) = iph + y^iir - rh) + f2{r - rtf ^ , 

At{r) = Q{r~rh) + q2{r-rhy + --- . (2.26) 
The near-horizon behaviour of the fields as follows 

a, = !± (8A - e-^«^'^Q2N ^ 3(7ggVo 

24 ^ ^ ^ ' 2rft(g2 _ 8e-9ovhQ2) v ; 

and 

_ e-so^i^ {{9gi + 14) - VmQ^ ke^'^'^^ + Vl^k^e^^'''^^) 

~ 96 (g2 - 8Ae9o^/.) • ^^-^^^ 

The entropy and shear viscosity is given by, 

/ p—go<fih 



rj , e-^°^H-Q^(A + 6/32 + 2/?3)-8e^°^H5/3l + /?3)A)^? ^ , 2. ... 

''"le^V 12 J ^ 
Therefore the ratio is given by, 

1 + 9(32- +0{g'). (2.31) 



rj 1 

s 4lT 



12 

The black hole temperature can also be calculated from near-horizon geometry. 

T ~ e-^^'^'^Q^ - 8A . (2.32) 

In T ^ limit the the horizon value of the dilaton is also determined in terms of black hole 
charges and the ratio approaches its universal value. 
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3 Extremal Black Holes 



We will first briefly discuss how charge black holes can arise in flve dimensions in the context 
of string theory. A consistent truncation of A/" = 8, = 5 gauged supergravity with 5*0(6) 
Yang-Mills gauge group, which can be obtained by reduction of type IIB supergravity, gives 
rise to A/" = 2, = 5 gauge supergravity with U (1)^ gauge group. The same theory can also be 
obtained by compactifying eleven dimensional supergravity, low energy theory of M theory, on 
a Calabi-Yau three folds. The bosonic part of the action of N" = 2, D = 5 gauged supergravity 
is given by, 

R - ^X^F^^F^''' - \xfd^X,d^Xi - V 
+C.S terms (3.33) 

where, X^'s are three real scalar flelds, subject to the constraint X^X^X^ = 1. F'^'s, which 
are fleld strengths of three Abelian gauge flelds (I,J=1,2,3), and the scalar potential V{X) is 
given by, 

Fl, = 29[X], ^ = -47'SLiX,, XiX2X3 = l. (3.34) 

Solving the equations of motion one gets a black hole solution with three U{Vf' charges. 
Using this equations of motions one can calculate entropy and shear viscosity of boundary 
plasma and their ratio. It turns out that the ratio saturates the famous KSS bound [17j. We 
will consider higher derivative corrections to this action in next two subsections. Calculation of 
entropy and shear viscosity for non-extremal black hole for three independent non-zero charges 
seems to be very difficult. One can consider different limits, for example three equal charges 
(which is same as Maxwell-Einstein-Hilbert action) and calculate different thermodynamic 
and hydrodynamic coefficients. However we will concentrate only on the extremal limit of this 
black hole (for three independent charges). In the extremal limit the near horizon geometry 
is universal and given by [18]. We calculate corrections to entropy for higher derivative terms 
using entropy function formalism. Evaluating the effective action for transverse graviton in 
this near horizon geometry we also compute higher derivative correction to shear viscosity 
coefficient of zero temperature boundary plasma in presence of global f/(l)^ charges. 



levrGs J 
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3.1 Four Derivative Corrections to R-Charged Black Holes 

In this section we consider a generic four derivative correction to action fl3.33p . 



+C.S terms 



R - \x]F'^,F'^^' - ^-X-%Xjd'^Xj -V + g £(4) 



and 



(3.35) 
(3.36) 



£(4) = f3iR' + m^'^'^Rf^upa + P^iR^^'R^.u . 

The extremal Black hole has AdS2 part in there near horizon geometry. The full near-horizon 
ansatz is as follows, 



Xi 



dr^ 



V\{—r dt H —) + V2dx 

ui, = —ejrdt, F.i 



ei 



(3.37) 



We will not explain the entropy function formalism here, as it is very well studied in literature. 
We will just present the results here. Following [IB] we choose three parameters fii,fi2 and /is 
and parametrize u'jS and V2 as. 



Then the other parameters are given by (in terms of fi'js). 



a/3 



(3.38) 



ei 



e? + gel 



(1^ = 10+ mL 



and 



4 



Hi 



4(n/ij)^/3(2/3i + 2/32 + /?3 



(3.39) 



(3.40) 



Here, E/ij = (/ii + /i2 + /is) and Ufij = /ii/i2/i3. Repeated indices in are not summed over. 

After finding higher derivative correction to the near horizon geometry we compute the 
entropy of the extremal Black hole. 



l-8gYi2l3i + 2/32 + ^3 



(n/ij)i/3^ 



+ Oig'). 



(3.41) 



11 



Similarly we can also find the shear-viscosity coefficient from gravitons effective coupling. 
It is given as, 



V 



WnG. 



1-8^77^(2^ + 2/52 + /33 



(n/ij)V3 



(3.42) 



In order to obtain the expressions in terms of black hole charges one has to invert the equation 
(13.401) and write fi'jS in terms of q'jS. The shear viscosity to entropy density ration is given by, 



V 



+ 0{g'). 



(3.43) 



Thus we see that in the extremal limit the correction saturates the KSS bound for any generic 
four derivative terms in the action. 



3.2 Six Derivative Correction R-Charged Black Holes 

In this section, we consider generic six derivative terms to the five dimensional gauge sugra 
Lagrangian and determine the 7]/s ratio. There are eight possible six derivatives terms con- 
structed our of curvature tensors listed below, and a generic six derivative correction term is 
constructed by taking arbitrary linear combinations of them. They are as follows. 





— TDP-VCTK TD TDpT 


T2-- 


DM DP rycTTuX 
- ^vpa^TfiX^ 




— DMI'O-K p JDp 




p Ti^JLUaK p 

JXJX J^aKpuy 




r)flU(TK p p 


n = 


T}U Diy OCT 




= RR'^R"^, Ts = 







^(6) = ttiTi + q;2T2 + asTa + a^T^ + a^T^ + a^T^ + a^T^ + asTg 

Now, we consider an action with this generic six derivative correction to (13.331) 
1 



(3.44) 



J 



R - \xjFl,F^^^ - ^-Xfd.Xjd^Xj -V + g £(6) 



+C.S terms . 



(3.45) 



In [19], we considered this correction (even with the lower order GB term) to Einstein-Hilbert 
action. Using field redefinition, we were able to show that few terms would not occur in the 
final expression of rj/s. This is no longer true for this actioij^. The near-horizon geometry is 



^It is easy to check that the arguments given in reference [TS] no longer holds for all coefficients. 
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given by fl3.37p . The solution turns out to be, 



Ui 



where. 



(n/ij)V3^ 



V2 = (Il/i^ 



a/3 



vi = +gvl, 



^2 g 

^1 = ..9^. > ^1 



e/ = e? + ^ef , = + gq^ , 



Hi 



ef = 87^Q;(n/ij 



1/3 (^/^J + S/i/) 



2^0 



' 



I ^SA*? / 9 ^1 



[V 



0)2. 



and a is defined to be, 



(3.46) 

(3.47) 
(3.48) 

(3.49) 
(3.50) 



Now, using entropy function formahsm, it is easy to find out the corrected entropy (density) 
for the extremal black holes. It result is. 



4G5 



1 + 48^7^a 



4 (S^J)' 



(n/ij)2/3. 



+ C?(/) 



(3.51) 



Now, following the effective action technique, we can compute the shear-viscosity coefficient 
for these extremal black holes. The coefficient and the rij s ratio are as follows. 



IGTrG, 



1 — 16(77^(3^2 + 4^3 — 12q;4 — 20:5 — "ia^ — 60:7 — 12q;8 



(n/xj)2/3j 



Finally r^/s is given by. 



?7 1 

s 4tt 



1 — 16(77^(1201 + 3^2 — 2^3 + as) 



(S/ij)^ 



(n/ij)2/3 

The ratio approaches to the universal bound for pure Lovelock gravity. 



(3.52) 



(3.53) 



4 Black Holes in Asymptotically Lifshitz Spacetime 

In this section we study the hydrodynamic behaviour of boundary gauge theory plasma at 
Lifshitz like fixed point. The dual gravity theory of a Lifshitz like fixed point was first proposed 
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by Kachru et.al. pOj. They presented a four dimensional bulk action in presence of one and 
two form fields. Although it is not possible to embed this action in any string theory [21] but it 
is a good holographic phenomenological model to study the behaviour of boundary field theory 
at Lifshitz like fixed point. The action is given by, 



(4.54) 



where, 

F = dA (4.55) 

and 

A = • (4.56) 



There can be order g corrections to c and A in presence of Gauss-Bonnet term [22] • But 
they will not affect ry/s calculation at order g. This action is related to [20j up to some field 
re-definition. 

The finite temperature solution (black hole solution) (numerically) for this kind of action 
was proposed in [23112^ for z = 2 where z is the critical exponent. Later in [25] authors 
have found a numerical black hole solution for any values of z. A complete analytic black 
hole solution for this kind of phenomenological action is not yet known (see [26] for a different 
model). We study the near horizon structure of this black hole and compute entropy, shear 
viscosity and their ratio of the dual field theory at Lifshitz fixed point. Our results are valid 
up to order g. 

We consider the black hole solution of the following form. 

A = e^^^^dt . (4.57) 

Substitute this ansatz for metric and gauge fields in the action (in g limit) and find equations 
of motion for v4(r), cr(r) and G{g). Then we consider the following near-horizon ansatz for the 
fields 

A{r) = In (r^L (^ao{r - Vh)^ + aoai(r - rt)^ H j j , 

cr(r) = In (^Co{r - rh)'^ + Ci(r - Vh)^ H , 

G(r) = In (^^M^^^a,goir - r,) + ao^i(r - r,)^ + ...)]. (4.58) 
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and substituting them into the equations of motion we solve for different coefficients order by 
order and find (see [25] also), 



^ ^{Az + glr^{z-l))rl 

° V2~z^{z^ + z + A) ' ^ ■ ^ 

2glrh {z^ + 2z^ + z-A)+ g^rUz - if - 8z^ {z^ + z + 4) 

= 8r,ziz^ + z + A) ' ^^-''^ 

_ -2gy^{z - 1)2 (^2 _ _^ 4) + 4:8g^rhiz - l)z'^ + 3^^r^(2 - 1)^ + 32^2 (^^^ + z + 4) 

8V2z^ {z^ + z + Af^ .J^Mj^iE^ 

(4.61) 

g, {gy.jz - If + 8^oV,(2: - l)z - 4^: (2:^ + 2^:2 + ^ + 4)) 

4r,^ iz^ + z + 4) • ^^-^^^ 

Having found out the leading near-horizon geometry we find entropy and shear viscosity of 
dual gauge theory at strong couphng as, 

_ 4 _ g{z' + z + A) {glrr.{z - 1) (2^ + 2/?^ + Ps) + 2z (4/ji + Ps)) 2 ^ 2^ 
^"l67rG5 87^G,L^{glT^{z-\)^Az) ^^^^^9) (4.63) 

and 

_ rl g{z^ + z + A) {glmiz - 1) (2/3i + 2/^2 + (3^) + 2z (4^ + /^a)) 



4G5 2G,L^glrh{z-l)+Az) 
The shear viscosity to entropy density ratio is given by. 



rl + Oig'). (4.64) 



+ 0(^72) + 0(^^) . (4.65) 
s 47r 

In [28] the ratio rj/s has been computed for any generic four derivative terms in any dimension 
for asymptotically AdS spacetime. It turns out that in four dimension the ratio saturates the 
universal bound. Here also we get the same result since the near horizon geometry is same for 
both the cases. 

When we are preparing this manuscript some interesting papers appear 
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